We compared two optical plankton counters, the Laser Optical Plankton Counter (LOPC) 1 and the Video Plankton Recorder (VPR) for their abundance estimates of Calanus fin-2 marchicus during an early summer situation (June 2008) in two North Norwegian fjords.
Introduction

21
Automated and semi-automated sampling of zooplankton has been sought for a long time 22 as part of a modern approach to map the marine environment. The need for sensors ca-23 pable to deliver abundance and biomass data with a high resolution in space and time has 24 generated an increasing effort to bridge the gap between different contemporary sampling 25 methods in marine science. The Optical Plankton Counter (OPC) was one response to 26 this challenge. It was designed to provide continuous real-time information on the size 27 and abundance of zooplankton (Herman 1988; Herman et al. 1993) . The OPC has since 28 been carried on many different platforms, and has been successfully applied in numerous 29 oceanographic studies (Herman et al. 2004 , and references therein). A special effort has 30 been made to build confidence in the use of the OPC towards estimating abundance of one 31 of the most important zooplankton genera in the North Atlantic, Calanus spp. (Heath 32 1995; Heath et al. 1999; Baumgartner 2003) . Abundance estimation of older stages of
33
Calanus spp. has been highly successful, except that at extremely high abundances the 34 OPC has problems to accurately separate between particles, and it then counts multi-35 ple particles as one. These so-called coincidence counts lead to an underestimation of 36 abundance, but an overestimation of the size of particles (Osgood and Checkley 1997;  37 Sprules et al. 1998) . The Laser-OPC (LOPC) was introduced as the second generation of 38 the OPC in the beginning of the new millennium to provide broader ranges in sizes and 39 abundance estimates than the OPC, and also to provide information on the morphology 40 of zooplankton (Herman et al. 2004) . Recently, the LOPC has successfully been used 41 to assess copepod abundance and size structures in deep water overwintering habitats 42 (Gaardsted et al. 2010) . The LOPC has also provided data to analyse processes within 43 mesozooplankton communities based on biovolume spectra ), but its 44 potential as a diagnostic tool in surface waters during summer remains to be established.
45
The Video Plankton Recorder (VPR) was developed in the early 1990s, and the cur-46 rent models have replaced analog video recording with digital technology (Davis et al. 47 1992 (Davis et al. 47 , 2005 . The VPR has been especially useful for comparing taxonomic composition 48 and distributions of plankton taxa along the depth axis and in different geographical 49 regions (e.g. Gallager et al. 1996; Norrbin et al. 2009 ). Currently two VPR models are in 50 use: a larger system that requires an advanced winch and fiberoptic cable but is capable 51 of collecting data in real-time on research vessels going at a speed of up to 10 knots, and 52 a simpler autonomous system (digital AVPR) of which data will be downloaded after de-53 ployments. Today the VPR routinely provides data on plankton distributions with high 54 resolution and sample density (Gallager et al. 1996; Ashjian et al. 2001 Ashjian et al. , 2008 . With the 55 development of automated identification techniques for image processing, the larger sys-56 tem is now capable of analysing zooplankton distributions in near-real-time at sea (Davis 57 et al. 2005; Hu and Davis 2005) . In a recent study comparing zooplankton abundance 58 estimates by the VPR and the Multiple Opening and Closing Nets and Environmental
59
Sensing System (MOCNESS, Wiebe et al. 1976 ), Broughton and Lough (2006) reported 60 that the VPR estimated ca. twice as high abundances as the MOCNESS.
61
Both the LOPC and the VPR can be used in conjunction with a range of other 62 sensors as integrated packages for mapping 3-dimensional distributions of zooplankton 63 and coupled biological-physical processes in the ocean. This is very promising for the 64 entire field of zooplankton ecology and has the potential to extend the understanding of 65 coupled processes from small-to meso-and large-scales. This progress is dependent on 66 building confidence and competence among users, and in this sense much work is still to 67 be done. Improvement in the performance of biological sampling equipment also depends 68 on the communication between scientist and engineers, so that both groups understand 69 the challenges of design and engineering as well as the quality of the data gathered and 70 the costs of acquiring and using the equipment. The simple and operationally robust 71 OPC system cannot distinguish particles belonging to different functional groups in the 72 sea, which has clouded the reliance on getting correct abundance estimates from the OPC 73 (Heath et al. 1999; Zhang et al. 2000) . For instance, the overlap in size between such 74 widely different groups as copepods and marine snow may reduce the overall quality of 75 the information gathered when a separation between these two groups is needed (Herman 76 1992; Ashjian et al. 2005) . The LOPC gathers not only data on the size of particles, but 77 also allows computation of the particles transparency. This information may be used 78 to distinguish between particles that are relatively transparent such as marine snow or 79 hydrozoans, and more opaque particles such as copepods (Checkley et al. 2008; Gaardsted 80 et al. 2010) . Furthermore, the LOPC has a better resolution than the OPC, the problem 81 of coincident counts is thus diminished (Herman et al. 2004 ). The VPR, on the other 82 hand, collects images of relatively high taxonomic resolution, which gives access to more 83 qualitative aspects of particles. The image data collected by the VPR require more storage 84 space and post-processing is more time-consuming compared to the data collected by the 85 LOPC.
86
The objective of this study is to compare the overall ability of the LOPC and the 87 VPR to quantitatively estimate abundances of Calanus finmarchicus using data collected (Fig. 1) The LOPC counts and measures particles that pass through a laser beam inside the 142 instrument as the LOPC is lowered through the water column (Herman et al. 2004 ). The is returned as a digital size, which is then converted into ESD by the user. The ESD is 149 a quantity that yields the diameter that a particle had if it were an opaque sphere; it 150 is thus a property describing the size of a particle as well as indicating its transparency.
151
We calculated the ESD as described in the LOPC manual (Anonymous 2006 especially developed scripts in the python programming language (version 2.6.2).
157
An effort has been made to distinguish copepods from other particles, in particular 
185
A recent calibration of the LOPC for overwintering C. finmarchicus, used a size range 186 of 0.9-1.5 mm ESD for the whole mesozooplankton community in which C. finmarchicus 187 CIV-CVI made up ca. 85 % (Gaardsted et al. 2010 We analysed the effect of marine snow on the abundance of different zooplankton size showed the same tendencies as both the Multinet and the LOPC (Table 1) .
282
The abundance of C. finmarchicus CIV-CVI estimated by the LOPC was strongly 283 correlated to the abundance estimated by the VPR (Fig. 4) . However, at abundances 284 lower than ca. 200 individuals m −3 there was a large spread in the data obtained from 285 both instruments (Fig. 4) . Furthermore, mean abundances obtained from the LOPC
286
were lower by a factor of two compared to those estimated by the VPR. Similar results
287
were obtained when performing regression analyses between both instruments based on 288 different size ranges chosen for the LOPC. In addition to the size range applied in our 289 study, we applied three different size ranges from recent studies analysing abundance of 290 C. finmarchicus (Herman and Harvey 2006; Checkley et al. 2008; Gaardsted et al. 2010) .
291
All size ranges from the literature resulted in lower estimates of C. finmarchicus CIV-CVI 292 abundances compared to this study, and thus in a higher discrepancy between abundance 293 estimates from the VPR and LOPC (data not shown). (Table 2) . Up to 1000 particles m −3 of marine snow were observed in the fjords (Fig. 6 ). The 309 abundance of any size group of zooplankton was only weakly correlated to the abundance 310 of marine snow; coefficients of determination (r 2 ) were <0.2 for all size groups (Table 3) .
311
The slope of the linear regression lines, however, was significantly (p = 0.05) different 312 from 0 ( profiles. That is, the difference in abundance between consecutive profiles was higher 324 than the difference in abundance measured by the LOPC and by the VPR, respectively.
325
The water volume sampled by both the LOPC and the VPR is relatively small, which 326 is likely responsible in part for the large standard deviation between consecutive profiles.
327
The opening of the LOPC is 7x7 cm or 0.0049 m 2 ; in a 5 m-depth interval therefore by the LOPC. These individuals will therefore be missed when truncating the size range 359 at a lower limit.
360
We excluded particles with an attenuation index <0.4 to make sure that we only 361 counted copepods and no transparent particles, which could be non-zooplankton particles that were more opaque (AI >0.4) dominated.
374
Density of marine snow was very weakly and slightly negatively correlated to abun-375 dance of Calanus sp. in our study. We can therefore say with great certainty that the 376 relatively transparent particles in the size range of Calanus sp. were not marine snow. on the post-processing of the OPC data were given in that study (Baumgartner et al. 407 2011 that only the target species and no marine snow is counted.
410
During this study few autotrophs were observed and no colonies of Phaeocystis sp..
411
Marine snow occurred at densities of up to 1000 particles m −3 , and did not contribute to the ZooScan (Grosjean et al. 2004) 
